                               Optical Measurement with Diffraction Grating 

                                                         Bangke Zheng

 Abstract

                He-Ne laser wavelength was measured with standard diffraction grating (a=1/600 mm), The spacing of a transmission grating was measured (using tabulated He-Ne laser wavelength (632.8 nm). The wavelength of a diode laser point was measured using the transmission grating spacing obtained (659.7nm). The track spacing and storage capacity of CD-ROM were measured using He-Ne laser.
1. Introduction 

1.1.  Reflecting grating

    The pattern of multiple slits (or grooves) diffraction can be regarded as the superposition of  factor of  multiple slits (or grooves) interference and factor of single slit (or groove) diffraction.  



   When optical path difference of each neighboring beams:

              (l= a(sin( -sin(i)=m(  (m=(1, (2, (3 ……)         (1)

 in the direction with angle ( to the normal of the reflecting grating surface, maxima of diffraction pattern  occur. a  is  groove spacing. (i is incident angle.  

         The diffraction equation above was used in following experiment to obtain the 

wavelength of He- Ne laser light and grating spacing on CD-ROM.

1.2 transmission grating 



When optical path difference of each neighboring beams:

        (l=a(sin( +sin(i)=m(  (m=(1, (2, (3 ……)                  (2)

 in the direction with angle ( to the normal of the transmission grating surface, maxima of diffraction pattern  occur. a is  slit spacing. (i is incident angle.  

    The diffraction equation above was used in following experiment to obtain the 

grating spacing or wavelength of diode laser light.

1.3 Diffraction grating resolution 



The intensity of diffraction pattern is:
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 N is the number of slits (grooves) that are illuminated by the beam of incident light.

  Principle maxima occur when ( =m(, (l= m(,            (m=(1, (2, (3 ……)

  Zero occur when ( =m(/N, (l= m(/N,            (m=(1, (2, (3 ……)

 So the separation between peak and adjacent minimum is:
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 So the more larger is N, the more sharper is the diffraction spot. 

Besides we differentiate diffraction equation (1), (2):

      (( =m((/cos(               (5)

 According to Rayleigh criterion, combining (4) and (5), the resolving power of a grating is obtained:

        RP=(/((=Nm

   We will demonstrate this in following experiment.

2.Experiment setup and data processing  

2.1 Measurement of He-Ne laser wavelength with standard diffraction grating ( spacing a=1/600 mm)



             An aligning  mirror used  to make the incident angle (i=450. 
  The distance from grating to the screen s= 45.95 cm 

  The length measurement error is ((0.1cm)

	                order  m
	1
	2

	diffraction maximum position   w (cm )

	   22.35
	51.00

	  diffraction angle

( =450-tan-1(w/s) (deg)


	19.10
	-2.90

	wavelength  (nm)

(= a/(sin( -sin(i)m 
	633.0
	631.0


( =(632.0( 0.1)nm

2.2  Measurement of the spacing of a transmission grating with tabulated He-Ne laser wavelength ( ( =632.8 nm).



          When beam expander was inserted into the optical path, the number of slits that are irradiated by the beam of incident light increased, the spot of diffraction pattern became sharper.

Incident angle (i is set as 00..
The length measurement error is ((0.1cm)

The distance from grating to the screen is s=324.1 cm 

	(m(
	1
	2
	3
	4
	5

	wleft  (cm )
	8.1
	16.5
	24.7
	33.1
	41.4

	wright  (cm )
	8.1
	16.4
	24.6
	32.8
	41.0

	w (cm )
	8.1
	16.45
	24.65
	32.95
	41.2

	(= tan-1(w/s)  (deg)


	1.430
	2.905
	4.349
	5.8051
	7.2446

	sin (
	0.0249
	0.0507
	0.0758
	0.1011
	0.1261

	a=m(/sin( (nm)
	25357.0
	24962.5
	25044.8
	25025.5
	25089.9


A= (25095.9 ( 0.1) nm
2.3 Measurement of  the wavelength of a diode laser point using the transmission grating  spacing  obtained from experiment 2.2
The distance from grating to the screen is s=324.1 cm 

 The length measurement error is ((0.1cm)

  a is 25095.9 nm
	(m(
	1
	2
	3
	4
	5

	wleft  (cm)
	8.5
	17.0
	25.6
	34.0
	42.6

	wright (cm)
	8.5
	17.5
	25.5
	34.1
	42.6

	w (cm)
	8.5
	17.25
	25.55
	34.05
	42.6

	(= tan-1(w/s) (deg)


	1.502
	3.047
	4.507
	5.997
	7.488

	sin (
	0.0262
	0.0532
	0.0785
	0.1045
	0.1303

	(=a sin(/m
	664.8
	666.9
	657.4
	655.5
	654.0


( = (659.7 ( 0.1) nm

2.4 Measurement of the track spacing, pit spacing and storage capacity of CD-ROM   

    using He-Ne laser
.



     ( =632.8 nm
  The distance from grating to screen S= 43.5 cm
 The maximum position of diffraction pattern formed by pit w’=11.05 cm

 The internal diameter d1 and external diameter d2 of CD –ROM is 4.50 cm and 11.50 cm respectively.

The length measurement error is ((0.1cm)

	                order  m
	1
	2

	diffraction maximum position   w (cm )

	   22
	51.5

	  diffraction angle

( =450-tan-1(w/s) (deg)


	18.170
	-4.810

	 track spacing  (nm)

a= m(/(sin( -sin(i) 
	1593.0
	1600.0


    a=(1597( 0.1 )nm

pit spacing a’ = (/sin( =(/sin(tan-1(w’/s))=2636nm

The area of CD-ROM is A=([( d2/2)2- (d1/2)2]

 So the storage capacity of CD-ROM is 4A/ (a(a’) = 8.35(1013 pit
4. Discussion and Conclusion 

          The error of result was caused, on one hand, by length measurement in the experiment, this can be reduced if we use spectrometer to measure diffraction angle instead of length, on the other hand, error also was caused by alignment of device, e.g. how the incident angle (i is precisely to 450 in experiment 2.1, 2.4, and 00 in experiment 2.2, 2.3. The error of angle and length measurement transferred to the calculation of wavelength ( and spacing can be estimated according to 
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In experiment 2.2, 2.3, multiple measurement was undertaken, so  standard deviation was used instead.
[image: image10.wmf]
    Due to monochromatic characteristics and high spatial coherence, laser light is best choice of light source in measurement of spacing of grating.

The beam expander is effective to increase the resolution of grating, since resolution of grating is proportional to number of slits (or grooves) the beam irradiates.

 Resolution also depend the linewidth of laser output, the more narrower is the lineshape, more shaper is the diffraction spot.

       Grating is a effective device to separate light of different wavelength (as compared with prism), so it is used as tuning device in laser device. Dispersion ability is proportional to spacing of grating.
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Figure. 6 Measurement of the track spacing, pit spacing of CD-ROM using He-Ne laser
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Figure. 5  Measurement of the spacing of a transmission grating with He-Ne laser 
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Figure. 4  Measurement of He-Ne laser wavelength with standard diffraction grating
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Figure. 3   Diffraction pattern, e.g. N=5,  a=4b    
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Figure.2   Diffraction of  transmission  grating 
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Figure. 1   Diffraction of reflecting grating 
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